INTRODUCTION
============

The overall detection rate of anomalous origin of a coronary artery from the opposite sinus (ACAOS) is 0.15--0.39% with catheter angiography and 0.35--2.1% with coronary computed tomographic angiography (CCTA) ([@B1]). ACAOS is divided into the following five types according to the course the anomalous artery takes to reach its dependent myocardial territory: interarterial, subpulmonic, pre-pulmonic, retroaortic, and retrocardiac ([@B2][@B3]). An interarterial course is the abnormality most consistently associated with sudden cardiac death (SCD). Left ACAOS with an interarterial course is most commonly linked to SCD during or after intense exercise. However, anomalous origin of the right coronary artery (RCA) from the left coronary sinus (R-ACAOS) with an interarterial course, reported as the most common "malignant" coronary anomaly with a weighted prevalence of 0.23% and 0.32% on CCTA ([@B3]), is associated with myocardial ischemia and may even be the cause of syncope, arrhythmia, myocardial infarction, and SCD ([@B4][@B5][@B6]). Rational management of patients with this anomaly requires robust risk stratification for the potential of SCD ([@B7]).

CCTA has been shown to be superior to catheter angiography in delineating anomalous coronary arteries ([@B8]). However, only a few studies have attempted to use CCTA features to move beyond diagnosis to more formal risk stratification ([@B6][@B9]). Invasive measurement of fractional flow reserve (FFR), the reference standard method to determine lesion-specific ischemia, was used to guide therapy of R-ACAOS patients in some cohort studies ([@B10][@B11][@B12][@B13][@B14]), but this method has seen limited clinical adoption due to its invasive nature and high cost. Recently, FFR derived from computed tomographic angiography (CT-FFR) has been developed based on computational fluid dynamics modeling or deep machine learning algorithms ([@B15][@B16][@B17][@B18]), and it has been used for non-invasively assessing lesion-specific ischemia and guiding revascularization and treatment strategies in patients with stable coronary artery disease ([@B15]). Two recent case reports have described severe inducible ischemia by using CT-FFR in R-ACAOS patients with an interarterial course that was confirmed by invasive FFR ([@B19][@B20]). However, the potential value of CT-FFR in this anomaly has not been systematically validated in larger cohort studies.

Thus, the purpose of this investigation was to examine the CT-FFR in R-ACAOS patients with an interarterial course, assess its relationship with the anatomical features observed on CCTA, and determine its clinical relevance.

MATERIALS AND METHODS
=====================

Study Protocol and Patient Population
-------------------------------------

This retrospective study was approved by the Institutional Review Board of our hospital. The requirement for written informed consent was waived. From September 1, 2009 to November 31, 2017, a total of 41580 consecutive patients underwent CCTA. In this population, 527 patients (1.3%) showed anomalous origin of the left coronary artery or RCA. Of these 527 patients, 121 (23.0%) had R-ACAOS with an interarterial course, with a prevalence of 0.29% (121/41580). The exclusion criteria were as follows: more than 50% luminal stenosis in any epicardial coronary artery (n = 16), valvular heart disease (n = 4), left coronary artery dominance (n = 2), coronary arterial fistula (n = 1), or poor image quality unsuitable for CT-FFR analysis (n = 4). A flowchart of this study is provided in [Supplementary Figure 1](#S1){ref-type="supplementary-material"}.

Relevant demographic characteristics, clinical history, and test results, including the findings of resting electrocardiography (ECG) and creatine kinase (CK) and CK-myocardium-brain type (MB) measurements, were collected for each patient via electronic medical record review. We classified patients according to the characteristics of chest pain as follows: typical, atypical, nonanginal, and no chest pain. According to the European Society of Cardiology guidelines, typical angina was defined as follows: 1) substernal chest discomfort with a characteristic quality and duration that is 2) provoked by exertion or emotional stress, and 3) relieved by rest or nitroglycerin ([@B21]). Atypical angina was defined as chest discomfort that did not show one of the above characteristics, and nonanginal chest pain was defined as chest discomfort that showed one or none of the typical angina characteristics. Patients with other symptoms such as syncope, dyspnea, or palpitation were regarded as showing no chest pain.

CCTA
----

### Image Acquisition Protocol

All subjects received sublingual nitroglycerin (0.1 mg per dose; Nitroglycerin Inhaler, Jingwei Pharmacy Co, Ltd, Jinan, China) 5 minutes before CCTA acquisition. Beta-blockers were not administered to any of the subjects. All CT examinations were performed on a second-generation dual-source CT system (Somatom Flash, Siemens Healthineers, Forchheim, Germany). Data for all patients were acquired with an adaptive prospectively ECG-triggered sequence at a 30--80% R-R interval. Acquisition parameters were set as follows: detector collimation, 64 × 2 × 0.6 mm; gantry rotation time, 280 ms; effective tube current--time product, 370 mAs per rotation; and tube voltage, 100--120 kVp. All patients received 60 mL of iopromide (Ultravist 370 mg I/mL, Bayer Schering Pharma, Berlin, Germany) via injection into an antecubital vein using a 20-gauge catheter at a flow rate of 5 mL/s. Contrast administration was immediately followed by 40 mL of saline solution injected at 5 mL/s. The bolus tracking technique was employed by placing a region of interest in the aortic root to detect bolus arrival. Image acquisition began 4 seconds after an attenuation threshold of 100 Hounsfield units was achieved.

### Image Interpretation

Image quality was graded using a four-point Likert scale (4 = excellent, no significant artifact; 3 = good, mild artifact; 2 = acceptable, moderate artifact present, but image still interpretable; and 1 = not evaluable) using consensus readings obtained by two observers with 18 and 8 years of experience in interpreting CCTA findings ([@B22]). All measurements were performed on a dedicated workstation (Syngo.via, Siemens Healthineers). We recorded proximal vessel morphology ([@B9]), take-off angle ([@B23]), take-off level ([@B6]), take-off type, intramural course, % proximal narrowing with minimum diameter/area, length of narrowing, minimum luminal area (MLA) at systole and diastole, and vessel compression index ([@B9]). Detailed measurement methods were as follows: 1) Proximal vessel morphology was categorized as "oval" (\< 50%) or "slit-like" narrowing (≥ 50% reduction in minimum diameter compared with the normal distal reference segment) at a cross-sectional view perpendicular to the centerline course of the artery ([@B24]). 2) Take-off angle in diastole was assessed on the axial or axial-oblique views through the aortic root at the level of the anomalous origin location in diastole ([@B23]). 3) Take-off level was determined based on the relationship with the lowest level of the pulmonary valve (PV) in the coronary plane, i.e., "above PV" indicates that the RCA ostium originates above the level of the PV ([@B6]). 4) Take-off type was defined as a separate, shared, or branch vessel according to the relationship between the origin of the RCA and the left main coronary artery. 5) Intramural course (i.e., within the aortic wall) was categorized as present or absent with (a) proximal vessel narrowing, (b) acute take-off, and (c) separate ostium of the vessel from the aorta. We also included direct visualization of the vessel within the aortic wall and the absence of adjacent epicardial fat ([@B9]). 6) % proximal narrowing equaled (1-minimum diameter / maximum diameter) × 100% and lumen diameters obtained in the double oblique view, considering the maximum and minimum diameters of the vessel at the most narrowed proximal location and the distal reference location using the smallest available slice thickness. 7) Length of narrowing was expressed as the centerline length of vessel narrowing shown in the double oblique and curved multiplanar views extending from R-ACAOS vessel take-off to the normal distal reference location; given the minimal differences in the length of narrowing between cardiac phases, length of narrowing was only measured in diastole. 8) MLA at systole and diastole was also measured in the double oblique view. To evaluate the degree of RCA proximal compression during cardiac phases, the vessel compression index of the RCA proximal segment was defined as follows: \| MLA at diastole - MLA at systole \| / max (MLA at diastole, MLA at systole).

### CT-FFR Modeling and Measurements

CT-FFR calculations were performed on routine CCTA datasets using a software prototype (cFFR, version 3.0.0, Siemens Healthineers). The software is based on an artificial intelligence deep machine learning platform for noninvasively computing FFR values using existing CCTA data, and the detailed algorithm has been reported in more detail in previous studies ([@B16][@B18][@B25][@B26]).

The centerline, lumen, and stenosis definitions in CT-FFR were manually edited by one observer and verified by a second experienced observer. CT-FFR measurements were obtained on the condition that segments with the greatest stenosis should be defined based on where they begin and end. Accordingly, to obtain CT-FFR measurements, we lengthened and broadened the proximal RCA segment toward the aorta to mimic the normal RCA segment until the proximal RCA area was approximately equal to the maximum RCA area. Each CT-FFR measurement was performed three times, and the average value was used for the final analysis. Abnormal values for CT-FFR were defined as ≤ 0.80, and patients were considered to have an abnormal CT-FFR if this threshold was reached in either systole or diastole ([@B16][@B27]). The location of CT-FFR measurement in R-ACAOS patients with an interarterial course is elaborated in [Figure 1H](#F1){ref-type="fig"}.

Statistical Analysis
--------------------

Statistical analyses were performed with R version 3.1.1 (R Development Core Team). The Kolmogorov-Smirnov test was conducted to assess the normality of quantitative data. Quantitative variables were expressed as mean ± standard deviation if they were normally distributed, while the median and interquartile range were provided for non-normally distributed data. Categorical variables were analyzed using Pearson\'s chi-squared test. For normally distributed data, an independent sample *t* test was used for comparisons between the normal and abnormal CT-FFR groups. The Mann-Whitney U test was used to analyze non-normally distributed data. The Kappa test was conducted to calculate interobserver agreement for CCTA image quality. Patient demographics and anatomical data were analyzed using binary logistic regression analysis and were reported as odds ratio with the corresponding 95% confidence interval. The full model and forward step-wise selection model using the likelihood ratio test with Akaike\'s information criterion as the stopping rule in multivariable analysis were applied to seek the main predictors of abnormal CT-FFR values in patients with R-ACAOS. Receiver operating characteristic (ROC) analysis was performed to test statistically significant variables for predicting abnormal CT-FFR values in R-ACAOS patients with an interarterial course. Cut-off values were obtained by applying the Youden Index. A *p* value ≤ 0.05 indicated statistical significance.

RESULTS
=======

Patient Characteristics
-----------------------

Ninety-four patients (61 men \[64.9%\], 33 women \[35.1%\]; mean age, 54.4 years; range, 20--83 years) with a heart rate of 69 beats per minute \[63--74 beats per minute\] were included. [Table 1](#T1){ref-type="table"} presents the demographics of patients with CT-FFR ≤ 0.80 versus those with CT-FFR \> 0.80. There were no significant differences between the two groups in terms of age, sex, smoking status, and the incidence of diabetes, hypertension, and hypercholesterolemia (all *p* \> 0.05). Of the 94 patients, 11 had typical angina, 10 showed atypical angina, 17 had nonanginal chest pain, 24 reported no chest pain, and 32 were asymptomatic. Of the 94 patients, 21 patients were hospitalized and treated medically for their chief complaint (n = 11) and other causes (i.e., diabetes mellitus, hypertension, etc.) (n = 10), 58 patients were treated medically as outpatients (4 patients refused both hospitalization and invasive coronary angiography), and 15 as outpatients without relevant treatment. Of the 21 patients with clinical follow-up data (median, 12 months; range 1--96 months), 3 were readmitted for persistent chest discomfort despite medical therapy and the 18 remaining outpatients were under continuing medical therapy, of which 12 had reported relief from their previous complaints. A significant difference was found in the hospitalization rate between patients with CT-FFR \> 0.8 and those with CT-FFR ≤ 0.8 (*p* = 0.039, 7/17 vs. 14/77).

Anatomical and CT-FFR Features of Patients with R-ACAOS with Interarterial Course
---------------------------------------------------------------------------------

CCTA image quality was rated good or excellent in all 94 patients since we had excluded cases unsuitable for CT-FFR analysis; the kappa value of interobserver agreement for image quality was 0.908. Median computed tomography dose index volume and effective dose in 94 patients with R-ACAOS were 47.9 \[19.7--59.5\] mGy and 8.2 \[3.3--12.2\] mSv, respectively. CT-FFR values of the distal location of the lumen narrowing of the proximal RCA were 0.94 \[0.88--0.96\] (0.91 ± 0.07) in systole and 0.95 \[0.87--0.97\] (0.91 ± 0.08) in diastole. The distribution of CT-FFR values of the proximal RCA is shown in [Supplementary Figure 2](#S2){ref-type="supplementary-material"}. CT-FFR values ≤ 0.80 were found in 18.1% of patients (17/94) in either systole or diastole, and 6.4% (6/94) in both systole and diastole. In the 17 patients, the median CT-FFR value was 0.75 (0.74--0.78). Abnormal CT-FFR values were found in 11.8% of patients (2/17) in systole, 47.1% (8/17) in diastole, and in 41.2% (7/17) during both cardiac phases.

Predictors of Abnormal CT-FFR Values
------------------------------------

Anatomical features of R-ACAOS patients with an interarterial course with and without abnormal CT-FFR values are presented in [Table 2](#T2){ref-type="table"}. Patients with abnormal CT-FFR values were more likely to have a take-off level above the PV, intramural course, slit-like ostium, % proximal narrowing area, and MLA at diastole (all *p* \< 0.05) in univariate analysis. Results from the multivariate analysis to predict abnormal CT-FFR values are illustrated in [Figure 2](#F2){ref-type="fig"}. Full-model multivariate analysis using the screened significant variables from the univariate analysis showed that an RCA take-off level above the PV and a slit-like proximal vessel morphology were the main predictors of abnormal CT-FFR values. Forward step-wise selection of model 2 was applied by using the likelihood ratio test with Akaike\'s information criterion as the stopping rule, which showed that besides RCA take-off above the PV level and slit-like proximal vessel morphology, intramural course also contributed to the prediction of CT-FFR ≤ 0.80 in R-ACAOS patients with an interarterial course. [Figure 1](#F1){ref-type="fig"} shows a representative case of R-ACAOS with an interarterial course.

For predicting abnormal CT-FFR using ROC analysis, we further analyzed a take-off level above the PV (model 1), intramural course (model 2), slit-like ostium (model 3), and combinations of two or three variables (models 4, 5, 6, 7) ([Supplementary Table 1](#S3){ref-type="supplementary-material"}). The diagnostic performances of different models to predict CT-FFR ≤ 0.80 and their corresponding area under the curves (AUCs) are shown in [Supplementary Table 1](#S3){ref-type="supplementary-material"}, and the ROC curves for the different models are shown in [Figure 3](#F3){ref-type="fig"}. Take-off level above the PV combined with the intramural course and slit-like ostium had an accuracy of 0.83 and an AUC of 0.92 for predicting CT-FFR ≤ 0.80 in patients with R-ACAOS with an interarterial course.

Clinical Relevance
------------------

The various chest pain categories in patients with R-ACAOS with an interarterial course presenting with either normal or abnormal CT-FFR values are provided in [Table 1](#T1){ref-type="table"}. Compared to patients with normal CT-FFR values, patients with CT-FFR ≤ 0.80 showed a higher prevalence of typical (29.4% vs. 7.8%, *p* = 0.025) and atypical angina (29.4% vs. 6.5%, *p* = 0.016) and were less likely to have non-anginal chest pain (0 vs. 22.1%, *p* = 0.036). No differences between the groups were found for no chest pain (*p* = 0.222) and asymptomatic status (*p* = 0.656). Significant intergroup differences were found in CK and CK-MB levels (*p* = 0.001), but there was no difference in ECG abnormalities (*p* = 0.633).

DISCUSSION
==========

Noninvasive CT-FFR has been insufficiently studied in the setting of patients with R-ACAOS with an interarterial course. Our investigation found that 18.1% of the patients with R-ACAOS with an interarterial course had abnormal CT-FFR values. Take-off level above the PV, intramural course, and a slit-like ostium were the main predictors of abnormal CT-FFR values. Importantly, patients with abnormal CT-FFR values had a higher prevalence of typical angina and atypical angina compared to patients with normal CT-FFR values, suggesting that CT-FFR is a potential tool to gauge the clinical relevance of patients with R-ACAOS with an interarterial course.

Our current study adds to the existing knowledge as the largest investigation of R-ACAOS with an interarterial course on CCTA to date, with a prevalence of 0.29% (121/41580), similar to the weighted prevalence of interarterial R-ACAOS on CCTA in over 100000 patients reported by Cheezum et al. (0.32%) ([@B3]). In patients with R-ACAOS with an interarterial course, it is important to evaluate the anatomic features that create a higher risk of restricted coronary blood flow to predict SCD, particularly during exertion ([@B5][@B9]). However, the mechanism underlying ischemia in ACAOS with an interarterial course has not been fully elucidated. One line of thought is that intense exercise expands the great vessels and in turn compresses the anomalous interarterial coronary artery between the aorta and the pulmonary artery to cause ischemia. Additionally, marked narrowing of the intramural segment has been attributed to segmental hypoplasia, contributing to ischemia ([@B5]). Further subclassification is required to identify patients at a higher risk for SCD or ischemia. Lee et al. ([@B6]) showed that an acute take-off angle of R-ACAOS with an interarterial course correlates with relative narrowing of luminal diameters at the RCA ostium on CCTA. In our study, all R-ACAOS patients had an acute take-off angle, indicating limited value of this feature in predicting ischemia. Instead, we classified R-ACAOS with an interarterial course into two subtypes to gauge their clinical importance. The patients with a take-off level above the PV in our study were more likely to show abnormal CT-FFR values, supporting the validity of a subclassification based on take-off levels above or below the PV as in Lee et al. ([@B6]). Some previous investigations described the significance of an intramural course, but not all R-ACAOS cases with an interarterial course have an intramural component ([@B1][@B5]). However, identification of an intramural course is important, as only this subset of patients can be treated by coronary unroofing. An intramural course can be confirmed by sophisticated invasive imaging techniques such as intravascular ultrasound or optical coherence tomography. With CCTA, this can be indirectly inferred by the absence of adjacent epicardial fat and a slit-like ostium in orthogonal cross-sections. Notably, although coronary artery diameter is a very important factor ([@B28]), only MLA, not minimum lumen diameter (MLD), was included to predict R-ACAOS with CT-FFR ≤ 0.80. Considering the collinearity between MLD and MLA and the fewer contributions of MLD to the hemodynamic abnormality in R-ACAOS in comparison with those of MLA, we left out MLD when analyzing the prediction model with logistic analysis.

In this study, we applied a machine learning-based noninvasive CT-FFR tool in patients with R-ACAOS with an interarterial course to explore the relationship of intracoronary pressures with anatomical features on CCTA and its clinical relevance. The diagnostic performance of this machine learning-based CT-FFR algorithm has been previously investigated and compared to invasive FFR, showing sensitivities and specificities of 85% and 85% by Renker et al. ([@B29]), 91% and 96% by Röther et al. ([@B17]) and 81.6% and 83.9% by Itu et al. ([@B26]) for detecting lesion-specific ischemia. One recent study by Tesche et al. ([@B18]) indicated that this machine learning-based CT-FFR algorithm performs as well as the computational fluid dynamics based approach in detecting lesion-specific ischemia. Our study is the first to apply this noninvasive machine learning algorithm to a large sample of R-ACAOS patients with interarterial courses. We found that 18.1% of the patients with R-ACAOS with interarterial courses had abnormal CT-FFR values. Lee et al. ([@B13]) examined 37 adult patients with R-ACAOS with an interarterial course by using invasive FFR. They found only one patient (3%) with an abnormal FFR at rest, while only three patients (8%) developed abnormal FFR after dobutamine infusion. Driesen et al. ([@B14]) reported that 20% of patients with R-ACAOS with an interarterial course had an abnormal FFR (20%, 5/25), which is similar to our findings. The differences in prevalence among these studies may result from differences in the study populations, and further studies are needed to determine reliable disease rates.

Limitations
-----------

Beyond the retrospective nature and relatively small sample size, our study has certain limitations that deserve mention. First, the software prototype (cFFR, version 3.0.0) used in this investigation has not specifically been validated for use with coronary artery anomalies, which could potentially induce measurement errors during model-generation. The CT-FFR cut-off value of this study was established on clinical grounds based on the "prognostic likelihood" of requiring an intervention at the time of angiographic studies of atherosclerotic disease; however, whether it can be used for identifying severe stenosis in carriers of R-ACAOS or whether an CT-FFR cut-off of ≤ 0.80 should be applied also to this condition remains unclear. Thus, further studies are needed to confirm the measurement validity with systematically performed invasive FFR as the reference standard, which is currently infrequently used in this condition. The absence of functional test results may also limit the application of our findings to current risk stratification of R-ACAOS patients with an interarterial course. Second, we did not assess the difference between abnormal CT-FFR values in either one cardiac phase versus those in both phases, so as not to further divide our already small cohort into even smaller sample sizes. Thus, larger populations that allow further subclassification will be required to identify any possible differences. Third, the accuracy of CCTA for measurements of stenosis severity in R-ACAOS patients with an interarterial course may be limited, since the short axis of the stenotic site is usually less than 1 mm in high-risk cases. Fourth, selection bias may be inherent to this population with a comparatively advanced average age of 54.4 years. Most SCDs in these anomalies are reported to occur in children or young athletes rather than in adult survivors who will live with the symptoms but without severe adverse events, so that this latter population is overrepresented in our investigation.

In conclusion, our investigation found that in patients with R-ACAOS with an interarterial course, a take-off level above the PV, intramural course, and a slit-like ostium were more likely to result in decreased CT-FFR values and a higher prevalence of typical angina and atypical angina. Thus, going forward, CT-FFR may have potential as a noninvasive tool for risk stratification in R-ACAOS patients with an interarterial course.
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###### Supplementary Fig. 1

Flowchart of study population.

###### Supplementary Fig. 2

Distribution of CT-FFR values for proximal RCA in this study.

###### Supplementary Table 1

Comparison of Different Models for Discrimination of Fractional Flow Reserve Derived from Computed Tomographic Angiography ≤ 0.80

![Representative cases of R-ACAOS with interarterial course R-ACAOS with interarterial course in 54-year-old man presenting with typical angina **(A--D)** and 49-year-old man without any complaint **(E--G)**.\
**A.** Displays separate RCA ostia with acute take-off angle (arrow). Absence of adjacent epicardial fat in magnified view (arrowheads) suggests proximal intramural course of RCA. **B.** Shows take-off level of RCA above PV (line) in coronal view. **C.** Orthogonal cross-sectional image shows classic slit-like RCA proximal segment configuration (arrow). **D.** CT-FFR value of proximal RCA is 0.71, implying ischemia resulting from R-ACAOS with interarterial course. **E, F.** Show R-ACAOS with no intermural course, epicardial fat (arrow in **E**), and oval ostium in orthogonal cross-sections **(**arrow in **F)** with CT-FFR value of 0.98 **(G)**. **H.** Shows location of CT-FFR measurement in R-ACAOS in our study; line 1 is located at RCA ostia, entrance of anomalous origin of RCA, while line 2 lies at exit, indicating lumen narrowing of proximal RCA from line 1 to line 2. CT-FFR values were measured at site of line 3, 1--2 cm distal to lumen narrowing segment of proximal RCA. **I.** Displays volume rendering image of R-ACAOS. AO = aorta, CT-FFR = FFR derived from computed tomographic angiography, FFR = fractional flow reserve, LAD = left anterior descending artery, PV = pulmonary valve, R-ACAOS = RCA from left coronary sinus, RCA = right coronary artery](kjr-21-192-g001){#F1}

![Multivariate analysis of anatomical features for predicting CT-FFR ≤ 0.80 in interarterial R-ACAOS patients.\
Model 1 shows full model with screened significant variables from univariate analysis. RCA take-off level above PV and slit-like proximal vessel morphology are found to be main predictors of abnormal CT-FFR values. Forward step-wise selection of model 2 was applied by using likelihood ratio test, which shows that besides RCA take-off level above PV and slit-like proximal vessel morphology, intramural course also contributes to CT-FFR ≤ 0.80 in R-ACAOS patients with interarterial course. CI = confidence interval, MLA = minimum luminal area](kjr-21-192-g002){#F2}

![AUCs for discrimination of CT-FFR ≤ 0.80 in R-ACAOS patients with interarterial course.\
Model 1: variable 1, take-off level (above PV); Model 2: variable 2, intramural course (present); Model 3: variable 3, proximal vessel morphology (slit-like); Model 4: variables 1 + 2; Model 5: variables 1 + 3; Model 6: variables 2 + 3; Model 7: variables 1 + 2 + 3. AUC = area under curve](kjr-21-192-g003){#F3}

###### Clinical Features of R-ACAOS Patients with Interarterial Course with Normal and Abnormal CT-FFR Values

![](kjr-21-192-i001)

  Clinical Features              R-ACAOS with Interarterial Course with CT-FFR ≤ 0.80 (n = 17)   R-ACAOS with Interarterial Course with CT-FFR \> 0.80 (n = 77)   *P*
  ------------------------------ --------------------------------------------------------------- ---------------------------------------------------------------- -------
  Baseline characteristics                                                                                                                                        
   Age, yrs                      51.9 ± 11.7                                                     55.1 ± 14.2                                                      0.393
   Sex (male), n (%)             14 (82.3)                                                       47 (61.0)                                                        0.096
   Diabetes, n (%)               0 (0)                                                           4 (5.2)                                                          1.000
   Hypertension, n (%)           4 (23.5)                                                        12 (16.9)                                                        0.479
   Smokers, n (%)                6 (35.3)                                                        26 (33.8)                                                        0.904
   Hypercholesterolemia, n (%)   5 (29.4)                                                        15 (19.5)                                                        0.348
  Chest pain, n (%)                                                                                                                                               
   Typical angina                5 (29.4)                                                        6 (7.8)                                                          0.025
   Atypical angina               5 (29.4)                                                        5 (6.5)                                                          0.016
   Nonanginal chest pain         0 (0)                                                           17 (22.1)                                                        0.036
   No chest pain                 2 (11.8)                                                        22 (28.6)                                                        0.222
    Syncope                      1 (5.9)                                                         3 (3.9)                                                          \-
    Palpitation                  0 (0)                                                           1 (1.3)                                                          \-
    Dyspnea                      1 (5.9)                                                         18 (23.4)                                                        \-
   Asymptomatic                  5 (29.4)                                                        27 (35.1)                                                        0.656
  Other tests, n (%)                                                                                                                                              
   CK/CK-MB abnormalities        5 (10.6)                                                        1 (2.1)                                                          0.001
   ST-T changes in ECG           2 (11.8)                                                        6 (7.8)                                                          0.633

CK = creatine kinase, CT-FFR = fractional flow reserve derived from computed tomographic angiography, ECG = electrocardiography, MB = myocardium-brain type, R-ACAOS = right coronary artery from left coronary sinus

###### Anatomical Features on Coronary CT Angiography in R-ACAOS Patients with Interarterial Course with Normal and Abnormal CT-FFR Values

![](kjr-21-192-i002)

  Anatomical Features              R-ACAOS with Interarterial Course with CT-FFR ≤ 0.80 (n = 17)   R-ACAOS with Interarterial Course with CT-FFR \> 0.80 (n = 77)   *P*
  -------------------------------- --------------------------------------------------------------- ---------------------------------------------------------------- ----------
  Proximal vessel morphology                                                                                                                                        \< 0.001
   Oval (\< 50% narrowing)         2 (11.8)                                                        59 (76.6)                                                        
   Slit-like (≥ 50% narrowing)     15 (88.2)                                                       18 (23.4)                                                        
  Take-off angle, degree           9 \[6--11\]                                                     10 \[7--15\]                                                     0.145
  Take-off level, n (%)                                                                                                                                             \< 0.001
   Above PV                        14 (82.4)                                                       26 (33.8)                                                        
   Below PV                        3 (17.6)                                                        51 (66.2)                                                        
  Take-off type                                                                                                                                                     
   Separate ostia                  7 (41.2)                                                        23 (29.9)                                                        0.365
   Shared ostia                    10 (47.1)                                                       54 (68.8)                                                        
  Intramural course, n (%)                                                                                                                                          \< 0.001
   Not present                     1 (5.9)                                                         53 (68.8)                                                        
   Present                         16 (94.1)                                                       24 (31.2)                                                        
  \% proximal narrowing diameter   0.45 \[0.37--0.59\]                                             0.39 \[0.35--0.50\]                                              0.167
  \% proximal narrowing area       0.69 \[0.51--0.75\]                                             0.52 \[0.42--0.61\]                                              0.007
  Length of narrowing, mm          24.10 \[21.35--33.00\]                                          25.40 \[20.55--31.25\]                                           0.837
  MLA at systole                   4.80 \[2.75--6.80\]                                             5.90 \[4.55--7.20\]                                              0.092
  MLA at diastole                  3.80 \[1.80--6.15\]                                             5.30 \[4.55--6.80\]                                              0.005
  Vessel compression index         0.10 \[0.01--0.25\]                                             0.08 \[0.00--0.17\]                                              0.522

MLA = minimum luminal area, PV = pulmonary valve

[^1]: ^\*^These authors contributed equally to this work.
